The concept of two merent types of extrasystoles, parasystolic and coupled, depends upon two distinguishing characteristics of these beats. The characteristics of the parasystolic extrasystoles are the invariabiity of the ectopic cycle together with their independence from the basic rhythm. Coupled extrasystoles demonstrate a dependence upon the basic rhythm although they may express some degree of ectopic variability. The degree of variation of the intemxtopic inberval or its common denominator meamma the irregularity o f the ectopic parasystolic rhythm. The variation of coupling Intervals describes the dependence of the ectopic beat upon the basic rhythm. In a study of 719 electrocardiograms with ventricular extrasystoles, about one-tbid of the extrasystoles appeared intermediate beheen these types since they had both variable coupling intervals and variable interectopic intervals. Some of these had total variability of coupling intervals and of the interectopic intervals (random nonparasystolic coupling), and others had limited variation of coupling intervals when expressed in relatiomhip to the dotal duration of electrical diastole (approximate nonn recent years ventricular extrasystoles have be-I come important to physicians anticipating serious ventricular arrhythmias.' Formerly they were considered to be of academic interest and there is still controversy over their etiology. Extrasystoles may be separated into two groups:" mupled extrasystoles and parasystoles (sometimes called "dependent" and "independent" extrasystoles ) . Coupled extrasystoles are thought to be caused by re---entry because of the regular coupling interval, and parasystolic extrasystoles are thought to be due to increased automaticity because of the regular interectopic intervals. The exceptions categorized into either group were explained by elaborate theories.
Our study examined the features of different ex-*From the +Department of Medicine, Jefferson Medical College and Hospital, Philadelphia, Penns lvania, and the "Sheffield Ro al Infirmary, United ~heffieh Hospitals, Sheffield, ~nglandl Manuscript received April 11; revision accepted September 27. Reprint requests: Dr. Dreifus, Lankemu Hospital, Philadelphia 19151 parasystolic coupling). Both these ectopic types appeared to be as~ociated with cardiac disease, and repetitive ventricular extrasystoles. Left bundle branch type extrawith fixed coupling. There were no obvious relationships between the contour and the type of coupling of ventircular extrasystoles. Left bundle branch type extrasystoles with vertical or right axis were the most frequent, particularly in normal subjects, but in the presence of cardiac disease there were more electrocardiograms with right bundle branch type extrasystoles. Extrasystoles in the presence of underlying conduction defects were usually of opposite configuration to this defect. The contour of uniform extrasystoles did not appear to predispose to serious ventricular arrhythmias but multiformity of extrasystoles was an important prognostic indica tor. It is suggested that variability of contour and coupling are important signs of inhomogenous conduction and may precede the onset of severe ventricular arrhythmias. Random nonparasystolic coupling and marked multiformity indicate a more sinister arrhytbmic state.
trasystoles and the evidence for these distinctions, and attempted to link the older approach to ventricular extrasystoles and the more recent measurements of extrasystolic activity, which are thought to herald sinister ventricular arrhythmia^.'.^ In this study we are setting forth the experience gained from our examination of 719 electrocardiograms showing extrasystolic activity. We have included an analysis of the contours of various types of extrasystoles and the relation of these findings to other electrocardiographic abnormalities.
Electrocardiograms showing ventricular extrasystoles have been studied over a five-year period (1967) (1968) (1969) (1970) (1971) (1972) . Extrasystoles showing a QRS width of 0.16 second that were premature and not preceded by a premature P wave were considered ventricular.2~6.~ In the presence of aberrant conduction, extrasystoles were of different form and had different coupling intervals. If extrasystoles were found to be multiform, the range of coupling intervals was calculated for the most frequent contour. The dominant rhythm and contour were recorded.
Earlier studies have shown that rigid categorization of extrasystoles into those with fixed coupling and those which are parasystolic, is unsatisfactory.6 Up to one-third of patients have extrasystoles with variable coupling, but there is no evidence of parasystole. 6 We have found that variation of coupling intervals increases when the dominant rhythm is slow and it seems logical to relate the range of actual coupling intervals to the range that is possible. However, even if more liberal criteria of fixed coupling are employed, many extrasystoles still have variable coupling but are nonparasystolic. In this article we have described coupling as fixed if the variation in coupling intervals was < 0.08 second and also was less than 20 percent of the interval from the end of the T wave to the onset of the next QRS, in order to relate the coupling interval to the length of electrical diastole in which extrasystoles can arise. The mean of the longest and shortest cycle lengths in atrial fibrillation was used in the calculation. We have called extrasvstoles that were distributed throughout electrical diastole and were not coupled to the preceding conducted beat, random coupling. In view of the limited length of recording obtained in practice we have included all extrasystoles which occupied > 80 percent of electrical diastole in the group of random coupling. Extrasystoles which did not fit into either group usually had a range of coupling which was 20 to 60 percent of electrical diastole. Because of their proximity to the T wave, these have been described as apprmimute coupling. This group included extrasystoles occupying > 20 percent and < 80 percent of electrical diastole.
Frequently there has been confusion between random coupling and parasystole.8 However, parasystole may occur with random coupling or approximate coupling,2 and should be defined as extrasystoles with constant interectopic intervals or longer intervals that are integral multiples of the minimal interectopic intervals, or a postulated interval if there is variable but continuous exit block. Variation of e 0 . 1 second in the manifest interectopic interval has been allowed as usual. 2 In view of the mathematical relation between interectopic intervals and the cycle length (due to accrochage and, occasionally, chance), when there was doubt about the class&-cation of extrasystoles, carotid sinus pressure or atropine was used to separate the ectopic from the basic rhythm and thus fixed coupling from parasystole.
Extrasystoles were defined as right bundle branch block- Most coupling intervals of ectopics with fixed coupling were between 0.35 and 0.60 second. The coupling intervals often corresponded to the apex of the U wave (Fig 1) . Coupling intervals in the group with approximate coupling often extended up to the T wave, and extrasystoles occurring on the T wave were more frequent than in the group with fixed coupling. Coupling intervals in the group with random coupling were not related to the end of the T wave or the U wave, and not only extended up to the T wave, but frequently occurred on the T wave.
Multifocal extrasystoles occurred in seven patients (2.1 percent) with fixed coupling and sinus rhythm, three patients (3.2 percent) with fixed coupling and atrial fibrillation, 12 patients (6.4 percent) with approximate nonparasystolic coupling and sinus rhythm, and five patients (7.8 percent) toles, as in the hemiblocks, it was the terminal forces that with approximate nonparasystolic coupling and atrial fibrillation. Five of the patients with random coupling (20 percent) had multiform extrasystoles.
FIXED-COUPLING

FIGURE I RANGE OF COUPLING INTERVALS FOR VARIOUS TYPES OF EXTRASYSTOLE
The R-on-T phenomenon was found in 52 electrocardiograms with uniform extrasystoles. There were 24 cases with fixed coupled extrasystoles and sinus rhythm (7.3 percent), and three cases with fixed coupling and atrial fibrillation (3.2 percent), which showed the R-on-T phenomenon. There were four cases (40 percent) with random nonparasystolic coupling and sinus rhythm and five cases (33.3 percent) with random nonparasystolic coupling and atrial fibrillation, as compared with six cases (3.2 percent) with approximate coupling and sinus rhythm and ten with approximate nonparasystolic coupling and atrial fibrillation, which showed this phenomenon ( 15.6 percent ) . Parasystolic extrasystoles rarely spread into the T wave (Fig 1) .
The R-on-T phenomenon and multiformity of extrasystoles are thought to be associated with sinister ventricular arrhythmias and repetitive (or paired) extra systole^.^ The latter were found most frequently with random or approximate nonparasystolic coupling. Because the R-on-T phenomenon is also found most frequently in association with these types of coupling, we have considered approximate ( nonparasystolic ) coupling and fked coupling with and without the R-on-T phenomenon, separately. Approximate (nonparasystolic) coupling alone was associated with an increased prevalence of repetitive extrasystoles (Table 2) . However, the R-on-T phenomenon did appear to phenomenon or repetitive extrasystoles, but there were no obvious predisposing features in seven cases of fixed coupling with repetitive extrasystoles.
Ventricular tachycardia was seen in one electrocardiogram with atrial fibrillation and fixed coupling and the R-on-T phenomenon, and in two electrocardiograms with atrial fibrillation and variable coupling, only one of which showed the R-on-T phenomenon. Of seven episodes of ventricular tachycardia with approximate coupling and sinus rhythm, only one showed the R-on-T phenomenon; of four episodes of ventricular tachycardia with fixed coupling and sinus rhythm, two showed the R-on-T phenomenon. In general there was little relation between short coupling intervals and repetitive extrasystoles. Often they occurred after one particular coupling interval of approximate or random coupling; in seven cases this was the shortest coupling interval, and in three it was the longest coupling interval. Repetitive extrasystoles were not observed in normal electrocardiograms, even with short coupling or the R-on-T phenomenon.
If extrasystoles were paired or repetitive, the second ectopic beat often had a Merent form, possibly because the "second ectopic" was actually either a sinus beat or a reciprocal beat with aberration (Fig 2) . Reciprocation is rare, however, except in partial AV block, since the interectopic interval is usually too short for reciprocation through the atria and the sinus rhythm is not disturbed though two or more sinus beats may be blocked. Repetitive ectopics with variable form were particularly associated with approximate and random coupling.
The contour of the P, QRS, and T wave of the dominant rhythm was normal in 48 of 329 electrocardiograms with fixed coupling and sinus rhythm (14.8 percent) and in 15 ( 8 percent) of 187 electrocardiograms with approximate nonparasystolic coupling and sinus rhythm, but in all cases of random coupling the contour was abnormal. Only four electrocardiograms with fhed coupling and atrial fibrillation had a normal contour of the dominant rhythm.
The contour of extrasystoles is shown in Table  3 . Extrasystoles predominantly had a left bundle branch-type complex (Fig 3) . However, with random coupling (and with approximate coupling and atrial fibrillation), RBBB-type extrasystoles were more frequent. With variation of coupling intervals, extrasystoles were more frequently of RBBB configuration. Thirty-nine (80 percent) of the normal electrocardiograms (normal P, QRS and T .
FIGURE 4. Left bundle branch-type extrasystoles (interpolated), which show left axis deviation (LAD). The terminal forces are directed similarly to the underlying QRS (Type B; see text).
The axis of the extrasystoles was on average more negative in extrasystoles associated with cardiac disease (Fig 4 ) , and with increasing variation of coupling. Extrasystoles of the RBBB type rarely showed left axis deviation (LAD). Right axis deviation (RAD) or a vertical axis of extrasystoles (and usually LBBB-type) was particularly found with fixed coupling and normal electrocardiograms (Fig 5) . Left and right axis deviation of extrasystola was found in similar percentages of normal electrocardiograms with approximate and fixed coupling.
The axis of the extrasystole may be determined by the site of origin of the extrasystole and its spread through the myocardium, the latter effect being partly determined by the cardiac pathology. This may explain the increased prevalence of extrasystolic LAD in patients with cardiac disease. The direction of the terminal part of the extrasystole, which was considered the second half of the QRS, was more informative than the axis (Fig  4 ) . Such measurements, compared with those of the basic QRS, showed that there was greater alteration of the terminal forces in normal electrocardiograms than in the abnormal ones, probably because of the preponderance of extrasystoles with a vertical or right axis in normal electrocardiograms (compare Fig 5 with Fig 4 ) . LBBB-type extrasystoles with LAD were usually seen in abnormal ECGs, in which the axis is more horizontal than normal. RBBB-type extrasystoles, which usually had a vertical or right axis even if the underlying QRS axis was vertical, more often showed Origin from the left posterior division.
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LBBB-"left bundle branch-type" block; RBBB-"right bun prominent alteration of the terminal forces in abnormal electrocardiograms, but the differences were less. In the horizontal plane, cardiac disease had little effect on the terminal forces of the extrasystoles. These forces were predominantly directed posteriorly with LBBB-type extrasystoles (Fig 4) . Orthogonal leads are particularly valuable for showing horizontal forces, and an additional study of 94 ECGs confirmed the findings described above, using XYZ leads as well as 1, 2, 3, aVR, aVL, aVF, VI-VJ, and V4-Ve recorded simultaneously in groups of three. From these leads it was apparent that extrasystoles were predominantly of three types and that they did not show a continuous spectrum of morphologies (Fig 6) ; see also Fig 4 and 5) . Table 4 lists these types and also includes a fourth one, RBBB-type extrasystoles with LAD (which were rare; only 3 out of 94 were found). Although specific directions of the terminal forces are shown, if the underlying QRS had an abnormal direction the terminal forces for each type might slightly exceed the usual range. An explanation of the types is also shown and is based on Rosenbaum's description of the hernibl~cks,~~ which itself depends primarily on the direction of the terminal forces.
Confirmation that the site of origin of extrasystoles could also determine the direction of the terminal forces," was obtained by considering the extrasystolic fonn in the presence of a conduction defect. These extrasystoles were principally of two forms: one was opposite the underlying QRS, which could be due to a focus distal to the blocked fascicle; the other form was similar to the underlying QRS and many have originated proximal to the block (Table 5 ). The diagnosis of left posterior hemiblock is difficult, and its rarity as a site of origin of extrasystoles may explain the lack of dle branch-type" block.
extrasystoles of the RBBB type in the group with fixed coupling. The type of coupling did not appear to influence the proportions of different contours of extrasystoles in association with the other conduction defects.
The contour of uniform extrasystoles did not appear associated with serious arrhythmias or their suggested indicators if allowance was made for the frequency of RBBB-type extrasystoles in the presence of cardiac disease. Neither the initial half of the QRS nor the initial 0.04 second forces helped to categorize extrasystoles or distinguish them from V I .-, -.!,. aberration. Alteration of these very early forces in the extrasystoles was variable and usually minimal unless there was un underlying conduction defect with an effect on the initial forces, eg LBBB.
The practical use of antiarrhythmic drugs has not been related to careful electrocardiographic analysis of arrhythmias. Thus, the number of extrasystoles per minute has been used as an indication for therapy when there is little evidence that extrasystoles (fewer than l2lmin) predispose to ventricular tachycardia12 or sudden death from coronary artery disease.18 On routine ECGs extrasystoles are rarely observed in this number; no association was detected between the number of extrasystoles alone and serious ventricular arrhythmias in this study. More precise evidence is available that repetitive extra systole^,^^.'^ multiformity," and the R-on-T phenomenonl.>redispose to serious arrhythmias. The evidence in this investigation c o n h s these observations. It is dd%cult to evaluate the importance of the R-on-T phenomenon, since this term has been used to describe all extrasystoles arising on the T wave or extrasystoles arising on or just before the peak of the T wave. It may be particularly important in association with repetitive extrasystoles.12 Occasionally the R-on-T phenomenon is associated with fixed coupling in healthy individuals with a benign prognosis. Our study has drawn attention to the variability of coupling intervals as a feature of cardiac disease and its association with the R-on-T phenomenon, repetitive extrasystoles and ventricular tachycardia. Such variability is frequently found and may be of prognostic significance in its own right.
The direction of ventricular activation of extrasystoles may be described in the three planes. Thus the QRS of an extrasystole may be directed to the right or left, anteriorly or posteriorly, superiorly or inferiorly. Results of pacemaker studies16.16 have suggested that if pacing is performed from the apex of the left or right ventricle, the QRS is predominantly negative in the V leads, but if pacing is from the base, such as the outflow tract of the right ventricle, the QRS is upright in these leads. However, a pacemaker stimulus cannot be considered similar to the discharge of an ectopic focus, and the direction of an extrasystole may be due to other factors.
There is an association between parasystole and ventricular conduction defects,17 and extrasystoles appear to be found more frequently in patients with ventricular conduction delay." However, these defects may have a sinister significance because of associated severe cardiac disease, or because of prolongation of repolarization (QT interval). A more definite link is provided by the contour of extrasystoles, which often show the opposite configuration to the basic conduction defect, suggesting that the ectopic focus is spatially closely related to the intraventricular conduction de- fect." Rosenbaumlo has described the trifascicular nature of the His-Purkinje system and differentiated the hemiblocks. Using this classification, he has proposed sites of extrasystole f~rmation.~ Thus left axis deviation of extrasystoles would be due to preferential excitation of the Purkinje distribution of the left posterior fascicle, and a vertical axis or right axis of extrasystoles would be due to preferential excitation of the Purkinje distribution of the left anterior fascicle.
As we pointed out above, three principal groups of extrasystoles may be identified from our results ( Table 4 ). Type A, or vertical LBBB-type extrasystoles (Fig 5) , shows the terminal forces directed inferiorly between + 60° and + 120°, and to the left. These forces may be directed anteriorly but usually are directed posteriorly; with marked posterior direction there may also be slight right orientation. There may be prominent initial slurred R waves in V2 and V3, but these may occasionally occur in the other groups. Type A is common in normal patients, but this group of extrasystoles is the most frequent not only in normal but also abnormal electrocardiograms. The extrasystoles probably originate in the Purkinje network of the left anterior division or the right bundle (Fig 7) .
Type B extrasystoles are of the usual LBBB configuration ( Fig 4 ) . The tenninal forces and usually the axis are similar to the underlying QRS, but often there is increasing superior and posterior orientation of the terminal forces. The axis of the extrasystoles suggests an origin from the right bundle distribution ( Fig 7) .
Type C extrasystoles show RBBB configuration usually with RAD (Fig 6) . The tenninal forces are oriented inferiorly and to the right. The terminal forces usually are oriented anteriorly between + 120' and 180" in the horizontal plane. The margin between LBBB-type extrasystoles with anterior orientation and RBBB-type extrasystoles is minimal and it may be difficult to classify some forms with terminal horizontal forces between +60° and + 120°. Such extrasystoles probably have an origin similar to that of A with a slight delay in excitation of the right ventricle, whereas the more definite RBBB-type extrasystoles show greater delay and the left anterior division could be initially excited (Fig 7) .
The region of axis between -90' and 5~1 8 0~ may be extreme right axis or left axis. Extrasystoles in this region with anterior direction of terminal forces are probably of the RBBB-type, and with posterior direction are probably LBBB-type (Fig   8) but have been considered indeterminate and have always been associated with cardiac disease. The fourth group of extrasystoles may be a distinct entity or part of this spectrum. The axis is between -60' and -120'; the extrasystoles show RBBB configuration with terminal forces directed anteriorly, superiorly and usually slightly to the left. In either the horizontal plane or the frontal plane, the terminal forces of the extrasystole should be related to the basic QRS terminal forces. This may differentiate these marginal types and indicate in which direction forces have been rotated (Fig 9) . We have found that the orthogonal leads are of significant help in this regard, and could offer diagnostic information in the classification of ventricular dysrhythmias.
Coupling intervals were longer in the presence of a conduction defect but were still related to the prolonged QTIQU. Our study confirmed the observation that the alteration of the axis of extrasystoles is greater in patients with fascicular blocks than in those without.ll Extrasystoles may sometimes show increasing degrees of fascicular block if they originate above the affected bundle, and the QRS of the extrasystoles is wider than is the case when there is no fascicular block. The variability of the initial 0.04 second as well as the initial half of the QRS, even in relation to the underlying QRS, makes it unlikely that such measurement will help in differentiating between aberrancy and ectopy. This also means that an extrasystole may conceal, accentuate or have no effect on an underlying pattern; in the presence of an underlying conduction defect, these forces were generally altered if a defect of opposite configuration appeared.
Many extrasystoles have variable coupling and are nonparasystolic. Frequently parasystolic ectopics ( and threshold pacemaker excitation) do not have entirely random coupling intervals and are partly dependent on conducted beats, often clustering after the T wave. Coupled extrasystoles on long rhythm strips may not have an entirely random relation to each other, and their interectop ic intervals are sometimes approximate multiples of each other or a common factor; therefore, these types are not always distinct. The similarities of these extrasystoles do not exclude the possibility that both automaticity and reentry may be involved to varying extents in different types. Random coupling may be an automatic rhythm, and approximate coupling is probably due to reentry.
Parasystolic ectopics can be considered independent of the basic rhythm; however, their fixed interectopic interval indicates their periodicity, ie their dependence on each other. Fixed coupled extrasystoles can be considered entirely dependent on the basic rhythm, but usually they are completely independent of each other (complete variability of interectopic intervals). Therefore, the detection of extrasystoles with variable coupling and with variable interectopic intervals is not surprising. 20 These may have all degrees of dependence on the basic rhythm as indicated by the range of coupling intervals and frequency distribution of different coupling intervals.14 They may also have limited variability of interectopic intervals. It could be postulated that there are extrasystoles with fixed coupling and regular interectopic intervals that are dependent on the basic rhythm but also show automaticity. These rarely occur with regular sinus rhythm. Most of these instances are fixed coupling and show regular interectopic intervals secondary to regular post extrasystolic intervals; alteration of the heart rate affects the interectopic intervals so that they are no longer integral relations of the previous interectopic interval (or its common denominator). This type should occasionally be seen in atrial fibrillation.
The interrelations between different forms of extrasystolic activity are shown in Figure 10 . In all extrasystoles automatic rate and regularity and the dependence of extrasystoles on the underlying rhythm can be measured. Although Figure 10 shows distinct entities which have been p~blished,2'.~~ in practice there is a continuous spectrum; eg, intermittent p a r a s y s t~l e~~.~~ can be considered to have limited variation of entrance block (limited protection ) , but is independent.
Ectopic regularity, ie parasystole, is usually associated with cardiac disease but may be benign.8s14 Parasystolic beats have been observed in serial electrocardiograms over many years. The apparent benign nature of this arrhythmia may be due to the limited range of coupling intervals.
Variability of coupling intervals (independence) and variability of interectopic intervals are also associated with cardiac disease. Random coupling is uncommon and we have only limited observations
